The cell shrinkage is paralleled by net loss of K ϩ , which was significant within 8 min, whereas no concomitant increase in the K ϩ or Cl Ϫ conductances could be observed. The H2O2-induced cell shrinkage was unaffected by the presence of clofilium and clotrimazole, which blocks volume-sensitive and Ca 2ϩ -activated K ϩ channels, respectively, and is unaffected by a raise in extracellular K ϩ concentration to a value that eliminates the electrochemical driving force for K ϩ . On the other hand, the H2O2-induced cell shrinkage was impaired in the presence of the KCl cotransport inhibitor (dihydro-indenyl)oxyalkanoic acid (DIOA), following substitution of NO 3 Ϫ for Cl Ϫ , and when the driving force for KCl cotransport was omitted. It is suggested that H 2O2 activates electroneutral KCl cotransport in Ehrlich ascites tumor cells and not K ϩ and Cl Ϫ channels. Addition of H2O2 to hypotonically exposed cells accelerates the regulatory volume decrease and the concomitant net loss of K ϩ , whereas no additional increase in the K ϩ and Cl Ϫ conductance was observed. The effect of H 2O2 on cell volume was blocked by the serine-threonine phosphatase inhibitor calyculin A, indicating an important role of serine-threonine phosphorylation in the H 2O2-mediated activation of KCl cotransport in Ehrlich cells. In contrast, addition of H 2O2 to adherent cells, e.g., Ehrlich Lettré ascites cells, a subtype of the Ehrlich ascites tumor cells, and NIH3T3 mouse fibroblasts increased the K ϩ and Cl Ϫ conductances after hypotonic cell swelling. Hence, H 2O2 induces KCl cotransport or K ϩ and Cl Ϫ channels in nonadherent and adherent cells, respectively.
regulatory volume decrease; taurine; reactive oxygen species MAMMALIAN CELLS swell as almost perfect osmometers following exposure to a hypotonic solution, where after they release KCl and organic osmolytes with concomitant cell water to regain the original cell volume and cell function. Dependent of the cell type, swelling-induced KCl loss occurs via separate K ϩ and Cl Ϫ channels, electroneutral KCl cotransport, or coupled Cl Ϫ /HCO 3 Ϫ and K ϩ /H ϩ exchange, whereas the organic osmolytes leave the cell via an efflux pathway which in many cells differ from the swelling-induced Cl Ϫ channel (12) . The fundamental, biophysical, and pharmacological characteristics of the volume-sensitive transporters have recently been extensively reviewed (12, 13, 19, 22, 24) .
The production of reactive species (ROS) in various cell types is increased within the first minute following hypotonic exposure (8, 18, 20, 29, 39) , and it has turned out that the swelling-induced increase in the ROS production in, for example, HTC (39) and NIH3T3 cells (8) , is reduced in the presence of diphenyl iodonium, revealing a role for the NADPH oxidase. ROS are also generated upon hypertonic stress in, for example, HEK293 (44) , collecting duct cells (42) , and cardiomyocytes (6) . ROS are involved in the swelling-induced activation and inactivation of the volume-sensitive release pathway for the organic osmolyte taurine in, for example, NIH3T3 fibroblasts (18, 20) as well as in the activity of the volumesensitive, outwardly rectifying Cl Ϫ channel in liver cells (39) , HeLa cells (36) , and ventricular myocytes (3) . Similarly, oxidants have been associated with modulation of the activity of the KCl cotransporter (see Ref. 1) , and it has, in the case of NIH3T3 cells, been demonstrated that H 2 O 2 reduces taurine accumulation via TauT (40) .
The present investigation was initiated to test whether ROS are general modulators of all volume-sensitive transporters and channels. As ROS-induced anion current has been related to osmotic stretching of ␤ 1 -integrin in, e.g., rabbit cardiac myocytes (3), an additional question raised in this paper is whether ROS play an equivalent role in adherent/nonadherent cells. We have used the nonadherent Ehrlich ascites tumor cells because they are well characterized with respect to volume-sensitive transporters as well as the intracellular signaling cascade (12) 
MATERIALS AND METHODS
Chemicals. Antibiotics (penicillin, streptomycin), DMEM (high glucose, L-glutamine; GIBCO), fetal calf serum (GIBCO) and trypsin (10ϫ, GIBCO) were from Invitrogen. 5-(and-6)-Carboxy-2Ј,7Ј-dichlorodihydrofluorescein diacetate (carboxy-H 2DCFDA) was from Molecular Probes (Leiden, The Netherlands). [ 3 H]polyethylene glycol (PEG) and [ 14 C]taurine were from NEN, Life Science Products. RPMI-1640 (L-glutamine) and other chemicals were from Sigma Chemical (St. Louis, MO). The following stock solutions were prepared: carboxy-H 2DCFDA (50 mM, solvent DMSO), DIOA (100 mM, solvent DMSO), calyculin A (20 M, solvent ethanol), genistein (4 mg/ml, solvent ethanol), clofilium toxylate (10 mM, solvent water), vanadate (Na 3VO4, 20 mM, solvent water), H2O2 (1 M, solvent water), niflumic acid (500 mM, solvent DMSO), and clotrimazole (5 mM, solvent DMSO).
Cell lines. Ehrlich ascites tumor cells, grown either in the abdominal cavity of female NMRI mice (Naval Medical Research Institute, propagation of ascites cells was approved by "Dyreforsøgstilsynet" 2007/561-1313) or in RPMI-1640 medium supplemented with 10% serum and 100 U/ml penicillin-streptomycin. In the first case cells were maintained in female NMRI mice by weekly intraperitoneal transplantation (1.5 ϫ 10 7 cells/mouse) and harvested 6 -7 days after transplantation in standard NaCl medium containing heparin (2.5 IU/ml, added to prevent cell clotting), washed twice by centrifugation (700 g, 45 s), and resuspended in standard NaCl medium before incubation at 37°C. In the second case Ehrlich ascites tumor cells were maintained by transfer of 8.5 ϫ 10 5 cells to 10 ml fresh RPMI-1640 every 3-4 days and grown at 37°C, 5% CO 2, 100% humidity. Ehrlich Lettré ascites cells (ATCC), an adherent subtype of the Ehrlich ascites tumor cells, and NIH3T3 mouse fibroblasts (clone 7) were grown in 75-cm 2 culture flasks as monolayer cultures in RPMI-1640 and DMEM, respectively, containing heat-inactivated fetal bovine serum (10%) and antibiotics (1% penicillin-streptomycin). Both adherent cells lines were kept at 37°C/5% CO 2/100% humidity and split every 3-4 days by using 0.5% trypsin in phosphate-buffered saline (PBS) to detach the cells.
Inorganic media. The PBS contained (in mM) 137 NaCl, 2.6 KCl, 6.5 Na 2HPO4, and 1.5 KH2PO4. Standard NaCl medium used for the Ehrlich ascites tumor cells contained (in mM) 143 NaCl, 5 KCl, 1 Na2HPO4, 1 CaCl2, 1 MgSO4, and 5 3-(N-morpholino) propane sulfonic acid, 5 N-tris-(hydroxymethyl)methyl-2-aminoethane sulfonic acid, and 5 HEPES. NaCl medium for the adherent cell lines contained 10 mM HEPES as buffer system. Hypotonic NaCl medium was prepared by 50% dilution of the isotonic medium with distilled water containing the buffer alone. K ϩ -channel equilibrium medium contained 128 mM NaCl and 27 mM KCl. For estimation of the extracellular K ϩ concentration, we used previously published values for the membrane potential (Ϫ61 mV) (21) . KCl-cotransporter equilibrium medium where the driving force for KCl cotransport is omitted, i.e., the product of the K ϩ and Cl Ϫ concentration in the intracellular compartment equaled the product of the K ϩ and Cl Ϫ concentration in the extracellular compartment, contained 87 mM NaCl and 68 mM KCl. NaNO3 medium was prepared by substituting the Na ϩ and K ϩ salts of NO 3 Ϫ for NaCl and KCl. pH was in all solutions adjusted to 7.4. Media for electrophysiological experiments are specified below.
Cellular potassium and taurine content. Ehrlich ascites tumor cells (cell density 4%) were incubated with [ 14 C]taurine (0.925 kBQ/ml) and [ 3 H]polyethylene glycol (PEG) (46.7 kBQ/ml) at 37°C. PEG was used for estimation of and correction for extracellular trapped medium. Briefly, aliquots of the cell suspension (1 ml) were transferred to preweighed Eppendorf vials, and the cells were separated from the medium by centrifugation (14,000 g, 45 s). The supernatant (100 l) was diluted 10 times with perchloric acid (final concentration 7%) and saved for estimation of [
14 C]taurine-[ 3 H]PEG activities and potassium content in the extracellular compartment. Excess supernatant was removed by suction, and the Eppendorf vials were reweighed for estimation of the wet weight of the cell pellet. The cell pellet was lyzed in distilled water, vortexed to ensure homogenization, deproteinized by addition of perchloric acid (final concentration 7%), and finally centrifuged (14,000 g, 45 s). The supernatant was used for estimation of [
14 C]taurine-[ 3 H]PEG activities and potassium content in the cell pellet. The perchloric acid precipitate was dried (90°C, 48 h) and used for determination of the cell dry weight (see Ref. 21) .
3 H]PEG activities were measured in a liquid scintillation spectrometer (Packard, TRI-CARP) using Ultima Gold as scintillation fluid. Potassium was determined by atomic absorption flame photometry (model 2380, Perkin Elmer atomic absorptions spectrophotometer) after 100-fold dilution of samples and potassium standards (0 to 10 mM) with 1 mM CsCl to eliminate sodium interference in the potassium measurements. Cellular water content (ml/mg cell dry wt), cellular taurine activity (cpm/g cell dry wt, cpm/ml cell water), and potassium content (mol/g cell dry wt) were calculated and corrected for trapped extracellular medium using [ 3 H]PEG as marker (see Ref. 21) .
Estimation of ROS production. Ehrlich ascites tumor cells, harvested from mice were transferred to culture and grown as suspension cells in RPMI 1640 medium with 10% serum and 100 U/ml penicillin and streptomycin at 37°C and 5% CO 2. For estimation of ROS, cells were washed two times with PBS and subsequently incubated in serum-free growth medium containing the ROS-sensitive, fluorescent probe carboxy-H 2DCFDA (25 M, 1 h). The cells were subsequently washed with isotonic NaCl medium and resuspended in isotonichypotonic NaCl medium. ROS estimation was performed on a PTI Ratio Master spectrophotometer, and the experimental solution in the cuvette was continuously stirred by use of a Teflon-coated magnet, driven by a motor attached below the cuvette house. The excitation and emission wavelengths were 490 and 515 nm, respectively, and data were collected every 2 s for 200 s.
Cell volume measurements. Absolute cell volumes of Ehrlich ascites tumor cells were estimated by electronic cell sizing in a Coulter Counter Multisizer 3 using the median of cell volume distribution curves and latex beads (diameter 15 m) for calibration (for details see Ref. 21 ). Volume restoration following hypotonic cell swelling was estimated from the absolute cell volumes as (Vol Max Ϫ Volt)/(VolMax Ϫ VolIso), where VolMax, Volt, and VolIso are the cell volumes under hypotonic conditions at the time of maximal cell swelling, at time t, and under isotonic conditions, respectively.
Electrophysiology. Ehrlich ascites tumor cells were transferred to poly-L-lysine-coated coverslips (25 mm) and mounted on a perfusion chamber, installed on an inverted microscope. All experiments where performed at room temperature with continuous perfusion using a combined gravity-fed and pump suction mechanism effectively exchanging bath solution every 30 s. Bathing solution contained (in mM) 90 NaCl, 1 MgCl2, 1 CaCl2, and 10 HEPES. The osmolarity was adjusted to 300 using D-mannitol and pH was adjusted to 7.4 with Tris-base. Hypotonic solution was obtained by omission of D-mannitol from the bath solution. Pipettes of 4 -7 M⍀ in asymmetric patch solutions were pulled from 1.7 OD borrosilicate glass capillaries. Pipette solution contained (in mM) 90 CsCl, 2 MgCl2, 1 EGTA, 1,5 Na2ATP, and 0.1 Na2GTP. pH was adjusted to 7.4 with Tris-base, and osmolarity was adjusted to 295 mosmol using D-mannitol. With the use of the whole cell configuration of the patch-clamp technique current, measurements were performed during linear voltage ramps between Ϫ100 mV and 100 mV applied every 15 s. Voltage clamp was performed using an Axopatch 200B amplifier (Axon Instruments, Foster City, CA) with a Ag/AgCl electrode in the bath as reference. Currents were filtered at 1 kHz with the built-in Bessel filter, and capacitance, series resistance, and pipette offset were compensated on the amplifier. Voltage-clamp command pulses were generated and data digitized and stored via Digidata 1200 interface and pClamp 8 software. Ehrlich ascites Lettré cells and NIH3T3 mouse fibroblasts were treated as previously described (16, 31) ; i.e., cells were allowed to adhere to glass coverslips and subsequently placed on the microchamber of a heat-generating module (Brook, IL) mounted in an inverted microscope, thus granting a constant temperature of 37°C. The gravity-fed in-flow and a peristaltic pump-suctioned drain system were used for total exchange of the solution chamber volume. Patch pipettes were filled with a solution including (in mM) 2 NaCl, 40 KCl, 76 K-gluconate, 1.2 MgCl2, 10 EGTA, 10 HEPES, 1 ATP, and 0.1 GTP. Osmolarity in the pipette solution was adjusted to 295 mosmol/l with D-mannitol, and the pH was set to 7.4 at 37°C using Tris-base. The bath solution contained (in mM) 28 NaCl, 62 Na-gluconate, 5 KCl, 1 MgCl2, 1 CaCl2, 10 HEPES, and the mixture was titrated to pH 7.4 with Tris-base. To obtain hypotonic osmolarity, the bath solution was left as reported above, giving a value of 190 mosmol/l. For isotonic solutions the same solutions were adjusted to 300 mosmol/l with D-mannitol. To determine K ϩ and Cl Ϫ currents following cell swelling the protocol from Riquelme and coworkers (34) (Fig. 1B) . We have previously demonstrated that exposure to the thiol-alkylating agent NEM induces net loss of KCl and a concomitant reduction in cell volume in the Ehrlich cells (17) . From Fig. 1, C and D, it is seen that the H 2 O 2 -induced cell shrinkage is impaired and the concomitant net loss of potassium reduced in the presence of DIOA, which blocks KCl cotransport (35). Furthermore, H 2 O 2 has no effect on cell volume when added to Ehrlich ascites cells suspended in a KCl-cotransport equilibrium medium where the driving force for KCl cotransport is omitted; i.e., the product of the extracellular K ϩ and Cl Ϫ concentrations equals the product of the intracellular K ϩ and Cl Ϫ concentrations (Table 1) , or when all cellular and extracellular Cl Ϫ is substituted by NO 3 Ϫ (data not shown). On the has no effect on the cellular taurine content under isotonic conditions in the absence or presence of DIOA (Fig. 1D) Fig. 2A) and increases the concomitant swelling induced net loss of potassium (Fig. 2, B and D) . In three sets of experiments it was found that 0.5 mM H 2 O 2 increased the volume restoration from 0.42 Ϯ 0.09 to 0.79 Ϯ 0.10 within 2 min following reduction of the extracellular tonicity to 50% of the isotonic value. Furthermore, H 2 O 2 (0.5 mM) increases the hypotonic-induced potassium loss (10 min values) significantly from 1.7 Ϯ 0.3-fold in the absence of DIAO to 1.1 Ϯ 0.2-fold in the presence of DIOA (100 M, 3 paired sets of experiments). On the other hand, H 2 O 2 has no significant effect on the swelling-induced net loss of taurine (Fig. 2, C and D) . Hence, H 2 O 2 -mediated activation of the KCl cotransporter accelerates swelling-induced net loss of K ϩ and cell volume restoration in nonadherent Ehrlich ascites tumor cells following hypotonic exposure.
KCl cotransporters contain consensus sites for phosphorylation by protein serine-threonine and tyrosine kinases and phosphorylation/dephosphorylation has been implicated in modulation of the transporter (1). From Table 1 it is seen that H 2 O 2 -induced cell shrinkage is impaired in the presence of calyculin A, which inhibits protein phosphatases directed toward serine-threonine-phosphorylated residues (protein phosphatase 1 and 2A), whereas Na-vanadate, which inhibits protein phosphatases directed toward tyrosine-phosphorylated residues, has no effect. Thus H 2 O 2 -mediated induction of KCl transport in Ehrlich ascites tumor cells seems to involve a shift in the serine-threonine-directed phosphorylation of the KCl cotransporter or a putative regulator of the transporter.
H 2 O 2 is reported to activate volume-sensitive anion channels (VRAC) in numerous cells (3, 36, 37, 39) . To test whether H 2 O 2 induces electrogenic K ϩ and Cl Ϫ ion transport in parallel to the electroneutral KCl cotransporter, we performed current measurements using patch-clamp technique (whole cell configuration). From Fig. 3 it is seen in accordance with previously published data (27) that hypotonic exposure activates Cl Ϫ currents at both positive (open symbols) and negative (filled symbols) potentials. It is noted that the current density at ϩ100 mV is larger than the current density at Ϫ100 mV, which reflect outwardly rectification; i.e., VRAC activity (16). However, whereas exposure to H 2 O 2 (0.5 mM) induces a significant reduction in cell volume and K ϩ content within 8 min in Ehrlich ascites tumor cells under isotonic conditions (Fig. 1B) , the H 2 O 2 exposure has no effect on the Cl Ϫ currents (Fig. 3) . Similarly, H 2 O 2 does not enhance the Cl Ϫ currents under hypotonic conditions (Fig. 3) . Hence, H 2 O 2 induces electroneutral net loss of KCl in Ehrlich ascites tumor cells. To test whether the Ehrlich ascites tumor cells buffered the H 2 O 2 , we measured the ROS production under isotonic and hypotonic conditions in the absence and presence of 0.5 mM H 2 O 2 using a ROS-sensitive fluorescent probe. From Fig. 4 it is seen that the ROS production is not increased following hypotonic exposure. On the other hand, exogenous H 2 O 2 induces a significant increase in the intracellular availability of ROS under isotonic as well as hypotonic conditions (Fig. 4) . Hence, the intracellular availability of ROS increases following exogenous H 2 O 2 application, whereas hypotonic exposure in itself does not induce any detectable increase in the cellular ROS production in the nonadherent Ehrlich ascites tumor cells.
ROS induces K ϩ and Cl Ϫ current in adherent cells. The nonadherent Ehrlich ascites tumor cells are grown and maintained in free suspension. To test whether the previously published ability of H 2 O 2 to evoke VRAC activity could be associated with cells being adherent, we repeated the current measurements on two adherent cell types; i.e., the Ehrlich Lettré cells, which are an adherent subtype of the Ehrlich ascites tumor cells, and the NIH3T3 mouse fibroblasts. From  Fig. 5 it is seen that osmotic cell swelling evokes K ϩ and Cl Cell volumes were estimated by electronic cell sizing for Ehrlich ascites cells suspended in standard NaCl medium, K ϩ -channel equilibrium medium (no driving force for K ϩ through channels), or KCl-cotransport equilibrium medium (no driving force for K ϩ through electro neutral KCl transporters) before and after 25 min exposure to 0.5 mM H2O2. The K ϩ -channel equilibrium medium contained 128 mM NaCl and 27 mM KCl, and we used previously published values for the membrane potential (Ϫ61 mV) (21) for estimation of the extracellular K ϩ concentration. KCl-cotransporter equilibrium medium contained 87 mM NaCl and 68 mM KCl; i.e., the product of the K ϩ and Cl Ϫ concentration in the intracellular compartment equaled the product of the K ϩ and Cl Ϫ concentration in the extracellular compartment. Control cells were not exposed to H2O2. Inhibitors dihydro-indenyl)oxyalkanoic acid (DIOA), vanadate, and calyculin A, when present, were added at a final concentration of 100 M, 200 M, and 100 nM, respectively. Calyculin A and vanadate had no significant effect on cell volume; i.e., the cell volume after 25 min exposure to 200 M vanadate and 100 nM calyculin A relative to nontreated control cells 1.04 Ϯ 0.02 (n ϭ 4) and 1.05 (n ϭ 2), respectively. Percent values for cell shrinkage were of the initial values at time 25 min. n indicates the number of experiments. * and †Significantly different from control (no H2O2) and H2O2-treated cells, respectively. current in both cell lines, confirming previously published data (16, 31) , and that H 2 O 2 potentiates the volume-sensitive Cl Ϫ current as well as the volume-sensitive K ϩ current under hypotonic conditions. Furthermore, H 2 O 2 also induces Cl Ϫ current under isotonic conditions in Ehrlich Lettré cells; i.e., addition of 1 mM H 2 O 2 increased the Cl Ϫ current by 3.0 Ϯ 1.5 pA/pF within 6 min (n ϭ 3 independent sets of experiments). Hence, H 2 O 2 activates K ϩ and Cl Ϫ channels in adherent but not in free, nonadherent Ehrlich ascites tumor cells. It is noted that the KCl cotransport inhibitor DIOA (100 M) reduces the regulatory volume decrease (RVD) response in hypotonic NaCl medium significantly from Ϫ31 Ϯ 7 fl/min to 1 Ϯ 9 fl/min (water loss estimated by the Coulter counter technique on trypsinized cells within 1.5 to 6 min following hypotonic exposure; 4 to 5 sets of experiments). Hence, KCl cotransporters contribute to the RVD response in nonadherent as well as in adherent Ehrlich cells.
Ϫ

DISCUSSION
ROS-mediated KCl transport: adherent versus nonadherent cell lines.
Cell volume restoration in Ehrlich ascites tumor cells following osmotic cell swelling normally involves net loss of KCl via Ca 2ϩ independent K ϩ and Cl Ϫ channels and net loss of organic osmolytes via a transport volume-sensitive transport pathway, separate from the Cl Ϫ efflux pathway (see Refs. 12 and 19). However, we have previously demonstrated that at pH 7.4 and in the presence of Ca 2ϩ in the extracellular compartment a minor fraction (Ϸ8%) of the volume regulatory response is Cl Ϫ -dependent in nonadherent Ehrlich cells and that this fraction increases following reduction of extracellular pH and buffering of Ca 2ϩ (17) . KCl cotransporters also contribute to the RVD response in adherent Ehrlich cells as evidenced by its sensitivity toward DIOA (see RESULTS). Thus both KCl cotransporters and K ϩ and Cl Ϫ channels contribute to the volume regulatory process following osmotic swelling, but their fractional contribution depends on the experimental setup. Four KCl cotransporters have been cloned; e.g., KCC1, KCC2, KCC3, and KCC4 (ϷSLC12A4. . .A7) and KCl cotransport is reported to be evoked not only by cell swelling (9, 25, 26, 33) but also by high oxygen pressure, acidification, exposure to ROS, and the thiol-alkylating agent NEM, as well as modulation of protein phosphatase 1 activity (see Refs. 1, 2, 10). The KCl cotransporters in the nonadherent Ehrlich ascites tumor cell, which is activated following exposure to thiol-alkylating agent NEM (17) , are in the present work demonstrated to be activated by exogenous H 2 O 2 in a process that seems to involve a shift in the serine-threonine directed phosphorylation of the transporter. The serine-threonine protein phosphatases 1, 2A, and 2B control KCl cotransporters; i.e., KCC transport activity is stimulated and attenuated by phosphatase activation and inhibition, respectively (see Ref. 12) , and the With-NoLysine Kinases (WNK) have been suggested to control KCl cotransport activity through regulation of a KCC-regulatory phosphatase activity (4, 11) . However, even though consensus sites for phosphorylation by both serine-threonine and tyrosine kinases have been identified in the COOH-terminal domain of the KCCs (43) , and two-and three-state models for regulation of KCl cotransport have been proposed (5, 14) , direct phosphorylation/dephosphorylation of KCCs after cell volume perturbations has yet to be demonstrated. H 2 O 2 when added to adherent cell types under hypotonic conditions enhances the volume-sensitive anion current in HTC cells (37) and Ehrlich Lettré/NIH3T3 fibroblasts (Fig. 5) , the volume-sensitive taurine release in Ehrlich Lettré cells/ NIH3T3 cells (20) , as well the volume-sensitive K ϩ current in Ehrlich Lettré/NIH3T3 fibroblasts (Fig. 5) . Furthermore, H 2 O 2 also provokes anion current under isotonic conditions in HTC cells (37, 39) and Ehrlich Lettré cells (see RESULTS) , and ROS have been assigned a role in the activation of the volumesensitive anion channel in human epithelia HeLa cells during staurosporine-induced apoptosis (36) , 1 h) . The cells were subsequently washed with isotonic NaCl medium and resuspended in either isotonic or hypotonic NaCl medium in the absence or presence of 0.5 mM H2O2. Emission was followed with time 200 s. In all cases the fluorescence increased linearly within the experimental time period, and the slope of the time traces was used as an estimate of the ROS production. ROS production under hypotonic conditions in the absence of H2O2 is given relative to the isotonic control (open bars). ROS production in the presence of H2O2 is given relative to control with the same tonicity but no H2O2 added (closed bars). All values are given as mean values Ϯ SE of 4 sets of paired experiments. 2ϩ -independent iPLA 2 in NIH3T3 cells (30) ], mobilization of arachidonic acid from the nuclear envelope, oxidation of the fatty acid via the 5-lipoxygenase system (5-LO), and subsequently activation of the volume-sensitive leak pathways for the organic osmolytes and K ϩ by a 5-LO-derived second messenger (12, 19) . ROS, including the nonradical oxygen species H 2 O 2 , play an important role in intracellular signaling in nonphagocytes (7, 15, 38) , and it has been demonstrated that the ROS production increases within the first minutes following hypotonic exposure in various adherent cell lines, including NIH3T3 fibroblasts (8, 18, 20) , Ehrlich Lettré cells (20) , skeletal muscle (29) , and HTC cells (39) . The swelling-induced ROS production involves a NADPH oxidase complex, which in the case of NIH3T3 is constituted by a catalytic NOX4 isotype/p22 phox that is activated at a step downstream to the iPLA 2 activation and regulated by protein tyrosine phosphatases, protein kinase and lysophosphatidic acid (8, 18) . In the case of rabbit cardiac myocytes it has been proposed by Browe and Baumgarten (3) that osmotic stretching of ␤ 1 -integrin activates the NADPH oxidase and that ROS subsequently triggers the volume-sensitive anion current. It has previously been demonstrated that the swelling-induced increase in the ROS production in the Ehrlich Lettré cells is significantly lower compared with NIH3T3 fibroblasts (20) , and in the present work we find that the ROS production in the nonadherent Ehrlich ascites tumor cells is unaffected by osmotic cell swelling. As exogenous H 2 O 2 leads to a detectable increase in the cellular ROS load, we assume that the lack of ROS response in osmotic exposed Ehrlich ascites tumor cells reflects variation in the expression and/or regulation of the NADPH oxidase in this cell type compared with the NIH3T3 cells. Browe and Baumgarten (3) indicated that the volume-sensitive anion current in rabbit cardiac myocytes required NADPH oxidase-derived ROS. However, taking into account that net loss of KCl in Ehrlich ascites tumor cells is almost entirely mediated by separate K ϩ and Cl Ϫ channels (TASK2, VRAC) (12) , that H 2 O 2 provokes no electrogenic K ϩ Fig. 5 . Effect of H2O2 on ion current (K ϩ current, IK; Cl Ϫ current, ICl) in the adherent Ehrlich Lettré and NIH3T3 cells. Ehrlich ascites Lettré cells (A and B) and NIH3T3 mouse fibroblasts (C and D) were allowed to adhere to glass coverslips, and current measurements were performed by patch-clamp technique in the whole cell configuration. The bath solution contained 28 mM NaCl/62 mM Na-gluconate and adjusted to 300 mosmol using D-mannitol. Hypotonic condition, induced at time indicated by the bars, was obtained by omitting D-mannitol from the bath solution. Membrane potential was clamped at either the K ϩ (Ϫ68 mV) or the Cl Ϫ (Ϫ6 mV) equilibrium potential to isolate the individual currents. H2O2, when present, was added at a final concentration of 0.5 mM.
or Cl Ϫ transport in these cells, and that no detectable increase in the ROS production occurs following osmotic exposure, it is suggested that ROS are not required for normal volume restoration via K ϩ and Cl Ϫ channels in the nonadherent Ehrlich ascites tumor cells.
